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Increased Pain Sensitivity
in Low Blood Pressure
S. Duschek, W. Schwarzkopf, and R. Schandry
University ofMunich, Germany
Abstract. There is broad evidence for a functional interaction between the cardiovascular and pain regulatory systems. One result of this
interaction is the reduced sensitivity to acute pain in individuals with elevated blood pressure, which has been established in numerous
studies. In contrast to this, possible alterations in pain perception related to the lower range of blood pressure have not yet been investi-
gated. In the present study pain sensitivity was assessed in 30 hypotensive women (mean blood pressure 95/56 mmHg) and 30 normo-
tensive control persons (mean blood pressure 119/77 mmHg) based on a cold pressor test. Possible effects on pain perception of hypo-
tension-related impairment of subjective state were controlled for by including a mood-scale. The hypotensive as compared to the
normotensive group displayed lower pain threshold and pain tolerance levels, as well as increased sensory and affective experiences of
pain. Moreover, a slight negative correlation was found, both in hypotensive and control persons, between pain sensitivity and the degree
of blood pressure increase during the execution of the cold pressor test. In accordance with the previous findings on hypertension-related
hypoalgesia, the present results suggest an inverse relationship between blood pressure and pain sensitivity across the total blood pressure
spectrum. Different degrees of pain attenuation through afferent input from the arterial baroreceptor system are discussed as a physio-
logical mechanism mediating this relationship.
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Introduction
Interactions between the cardiovascular and pain regulato-
ry systems have constituted a major object of psychophys-
iological research since the late 1970s (Dworkin, Filewich,
Miller, Craigmule, & Pickering, 1979; Zamir & Segal,
1979). A central observation of this line of inquiry is the
inverse relationship between resting blood pressure and
pain sensitivity. An association between clinic hyperten-
sion and hypoalgesia has been well established (Zamir &
Shuber, 1980; Ghione, 1996; France, 1999). Pain sensitiv-
ity is known to be diminished even in healthy subjects with
only moderately elevated blood pressure (Fillingim &
Maixner, 1996; Myers, Robinson, Riley, & Sheffield,
2001). In the normotensive population an inverse linear re-
lationship between resting blood pressure and pain sensi-
tivity has been repeatedly documented (Bruehl, Carlson, &
McCubbin, 1992; McCubbin & Bruehl, 1994; Bruehl,
Chung, Ward, Johnson, & McCubbin, 2002).
Given such extensive evidence for a blood pressure-pain
relationship in the normotensive and hypertensive spectra,
it is somewhat surprising that research investigating an as-
sociation in the lower blood pressure range has not yet been
conducted. Overall, knowledge concerning the impact of
reduced blood pressure on physical and mental functioning
remains sparse (Duschek & Schandry, 2006a, 2007). This
may be largely explained by the fact that – in contrast to
elevated blood pressure – hypotension is generally regard-
ed neither as a medical condition nor as a risk factor for
further disease. Nonetheless, it is typically associated with
such symptoms as fatigue, reduced drive, faintness, dizzi-
ness, headache, and cold limbs, which can have a consid-
erable impact on subjective well-being and quality of life
(Wessely, Nixon, & Cox, 1990; Pilgrim, Stansfield, & Mar-
mot, 1992; Rosengren, Tibblin, & Wilhelmsen, 1993). The
clinical relevance of the blood pressure-pain relationship is
underlined by reports on an inverse association between
blood pressure and the prevalence of pain syndromes in the
normotensive and hypertensive ranges (e.g., Hagen et al.,
2002, 2005). On this account, one may hypothesize that
hypotensive individuals are more prone to clinical pain,
which could also represent significant reduction in their
quality of life.
According to the WHO (1978), hypotension is to be di-
agnosed when systolic blood pressure falls below
100 mmHg in women and 110 mmHg in men. In order to
enhance clinical knowledge about hypotension, the present
study investigated pain perception in this population.
Moreover, the study addressed the more basic question
whether the inverse blood pressure-pain relationship found
for the normotensive and hypertensive ranges can be gen-
eralized to the complete blood pressure spectrum. This
question is not trivial, insofar as associations between
blood pressure and a variety of psychophysiological pa-
rameters are known to be nonlinear (Duschek & Schandry,
2006a, 2007). For instance, the relationship between blood
pressure and cognitive functioning is an inverted u-shape
with a decline of performance at both ends of the spectrum
(Qiu, Winblad, & Fratiglioni, 2005; Waldstein, Giggey,
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Thayer, & Zonderman, 2005). Furthermore, cortical acti-
vation processes, as well as cerebral blood flow have been
found to be reduced both in individuals with elevated and
with low blood pressure (Baumbach & Heistad, 1988; Haj-
du & Baumbach, 1994; Duschek & Schandry, 2004, 2006b;
Duschek, Meinhardt, & Schandry, 2006).
In the present study pain sensitivity of hypotensive and
normotensive individuals was compared using a cold pres-
sor test (Wolff, 1984; Edens & Gil, 1995). This is a reliable
method of inducing pain, which has been shown to be sen-
sitive to blood pressure-related differences (Keogh & Witt,
2001). The main hypothesis implied an association of hy-
potension with a stronger subjective experience of pain, as
well as reduced pain threshold and pain tolerance levels.
Methods
Participants
Thirty hypotensive and 30 normotensive control persons
participated. Because of the higher prevalence of hypoten-
sion in the female population (e.g., Duschek & Schandry,
2005) and known gender effects on pain sensitivity (e.g.,
Fillingim & Maixner, 1996; Riley, Robinson, Wise, Myers,
& Fillingim, 1998), the sample was restricted to women.
Criteria for exclusion comprised severe physical diseas-
es, acute or chronic pain of any kind, psychiatric disorders,
as well as the use of psychoactive drugs, analgesics or med-
ication affecting the cardiovascular system. Eight partici-
pants of the hypotensive and 12 of the control group report-
ed that they currently used oral contraceptives (U = 390, p
= .28). All participants were right-handed according to the
Edinburgh Handedness Inventory (Oldfield, 1971). The
sample consisted exclusively of university students. Infor-
mation regarding blood pressure and heart rate recorded
directly before the experimental procedure, age, body mass
index (BMI, kg/m2) and scores on the applied mood scale
(see section Assessment Instruments) within the hypoten-
sive and control samples is presented in Table 1. The table
also provides the results of statistical group comparisons
by means of t-tests.
Pain Induction
The cold pressor test entailed subjects immersing their left
hand and forearm in ice-cold water, maintained at a tem-
perature between 0º and 3º C. Participants were instructed
to verbally indicate at what point they began to feel pain
(pain threshold), and to withdraw from the ice-water when
they could no longer tolerate the pain (pain tolerance
threshold). An upper time limit of 3 min was set, because
the hand usually goes numb after this point and pain sen-
sations decrease (Wolff, 1984; Keogh & Witt, 2001).1 Sub-
jects were, however, not informed of this upper time limit.
In order to control for possible effects of a lower skin tem-
perature in hypotension (Stegagno, Angrilli, Costa, & Pa-
lomba, 1996), subjects placed their left hand and forearm
in a water bath of 37°C for 3 min immediately prior to the
cold pressor test.
Assessment Instruments
The time span between immersion of the hand into ice-cold
water and the first pain sensation, as well as between im-
mersion and withdrawal of the hand were taken as mea-
sures for pain threshold and pain tolerance, respectively. In
order to assess the participants’ subjective experience of
pain, they were presented with two 10-cm line visual ana-
log scales (VAS) referring to the sensory and affective as-
pects of pain (“How strong/unpleasant was the pain?”). The
anchor points of the scales were marked not at all and ex-
tremely. Subjects were asked to rate the strongest pain sen-
sation experienced in the course of the procedure.
In order to control for possible effects of mood on pain
Table 1. Systolic blood pressure, diastolic blood pressure, heart rate, age, body mass index, mood scores on the Bf-S in
both samples: means (M), standard deviations (SD), minimal (Min) and maximal (Max) values, t and p values for
the group comparison.
Hypotensives Normotensive controls Group comparison
M SD Min Max M SD Min Max t p
Systolic blood pressure in mmHg 95.4 3.7 85.0 100.0 119.2 3.4 115.0 127.0 –25.3 <.01
Diastolic blood pressure in mmHg 56.2 5.0 45.0 65.0 77.1 6.5 65.3 92.0 –14.0 <.01
Heart rate 67.7 11.10 47.7 88.7 76.1 12.7 52.7 100.7 –2.7 <.01
Age in years 25.4 4.7 20.0 38.0 23.5 2.6 20.0 29.0 2.0 .05
Body mass index in kg/m2 20.4 2.2 17.0 26.5 21.9 3.1 17.1 29.7 –2.3 .03
Mood scores (Bf-S) 12.4 9.3 1 40 11.3 7.4 1 31 0.5 .61
Higher values on the Bf-S represent less favorable states of mood.
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 The time limit was reached by four hypotensive and four normotensive participants. Because the data from these subjects could not be
included in the statistical analysis, eight more subjects had to be recruited, meaning that there was a total of 68 subjects.
sensitivity, the Befindlichkeits-Skala [Bf-S] (von Zerssen,
1976) was administered. This 28-item self-rating scale in-
cludes positive and negative adjectives that are related to
general aspects of well-being (e.g., cheerful, relaxed), as
well as to more specific emotions (e.g., depressed, inse-
cure). This instrument has been shown to be sensitive to
the negative state of mood associated with hypotension
(Duschek, Matthias, & Schandry, 2005).
Blood pressure was continuously recorded during per-
formance of the cold pressor test using a Finapres 2300 BP
Monitor (Ohmeda, Louisville, KY, USA). This technique
has been shown to be reliable, particularly in assessing
changes in blood pressure under defined conditions (Mol-
hoek et al., 1983; Pickering & Blank, 1989). The automatic
recalibration feature of the Finapres system was enabled
during testing.
Procedure
Assignment of subjects to the two groups was carried out
on the basis of blood pressure readings taken in a screening
session that was conducted at least one week prior to the
main experiment and again at the beginning of the experi-
mental session. Here, after a rest period of 10 min, three
sphygmomanometric blood pressure measurements were
taken in a sitting position. For this purpose a regularly cal-
ibrated, automatic inflation monitor (TYP M CR15; Om-
ron, MIT, Mannheim, Germany) was used. Readings were
separated by 5-min rest intervals. Subjects with a mean sys-
tolic blood pressure of less than 100 mmHg were placed in
the hypotensive group. The inclusion criterion for the con-
trol group was a systolic blood pressure between 115 and
140 mmHg. The respective criteria had to be fulfilled at
both the screening and experimental sessions.
Participants gave their informed consent prior to the ex-
periment. All sessions were conducted by a male experi-
menter. In order to prevent experimenter effects, instruc-
tions for the cold pressor test were presented in written
form. Subjects were requested not to drink alcohol or bev-
erages containing caffeine for 3 h before the screening and
experimental sessions. They were paid EUR 15 for par-
ticipation in the study.
Data Analysis
Statistical analysis included a multivariate analysis of vari-
ance (MANOVA) with hypotensive vs. control group as
between-subjects factor. Dependent variables were pain
threshold, pain tolerance, and the VAS ratings on subjective
pain intensity. The groups differed considerably with re-
gard to their BMI. In order to control for a possible effect
of the content of fat tissue of the immersed hand on cold
pressure pain, the BMI was included as a covariate in the
MANOVA.
Linear associations between blood pressure and the
measures of pain sensitivity were determined by means of
Pearson correlations. In order to control for a possible third
variable effect, the BMI was partialed out. The groups did
not differ in the mood scores (Bf-S) and the Bf-S was not
correlated with blood pressure (r = .00 for systolic blood
pressure, r = –.01 for diastolic blood pressure, both ns).
Therefore, mood was not used as a control variable either
in the MANOVA or the correlation analysis.
The continuously recorded blood pressure values were
averaged across both the 3 min warm water period (base-
line) and the phase of ice-cold water stimulation. In order
to evaluate blood pressure changes during stimulation, a
repeated measures analysis of variance (ANOVA) was per-
formed with time of measurement (baseline vs. stimula-
tion) as within-subjects factor and group (hypotensive vs.
control group) as between-subjects factor. Because of the
possibility of confounding blood pressure change with the
time that the subjects kept their hands in the water, this time
span was used as a covariate.
Moreover, blood pressure changes between both periods
were related to the pain measures. Pearson correlations
were, therefore, calculated over the total sample, as well as
separately for hypotensive and control subjects.
Results
Group Differences in Pain Measures
As depicted in Figure 1 both pain threshold and pain toler-
ance were lower in the hypotensive as compared with the
normotensive group. The MANOVA with BMI controlled
revealed a significant effect of blood pressure-group on
both variables, pain threshold: F(1/57) = 4.97, p = .030;
pain tolerance: F(1/57) = 4.16, p = .046. Ratings of subjec-
tive pain experience on the VAS were significantly higher
in the hypotensive group (see Figure 2). This was the case
Figure 1. Pain threshold and pain tolerance in hypotensive
and control subjects (bars represent standard errors, *p <
.05).
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for sensory, F(1/57) = 4.14, p = .046, as well as affective
aspects, F(1/57) = 5.35, p = .024, of pain.
Linear Associations Between Blood Pressure
and Pain Measures
Pearson correlations between blood pressure and measures
of pain sensitivity with BMI partialed out are provided in
Table 2. Pain threshold and pain tolerance were significant-
ly positively correlated to systolic and diastolic blood pres-
sure. Significant negative correlations were found between
VAS ratings of sensory and affective pain experiences and
both blood pressure parameters.
Blood Pressure Changes During Cold Pressor
Stimulation
Both groups experienced a substantial increase in blood
pressure during the cold pressor test (see Figure 3). This is
underlined by a main effect of time of measurement (base-
line vs. stimulation) on the blood pressure parameters with
the time that the hand was kept in the water held constant,
systolic blood pressure: F[1/57] = 12.63, p < .01; diastolic
blood pressure: F[1/57] = 10.05, p < .01). The magnitude
of the blood pressure increase did not differ between
groups, interaction between time of measurement and
group: F(1/57) = 0.52, p = .48 for systolic blood pressure,
F(1/57) = 1.12, p = .29 for diastolic blood pressure.
Table 3 displays the correlations between the increase in
blood pressure and the measures of pain sensitivity. They
were computed over the total sample, as well as separately
for the hypotensive and the control groups. In the total sample
the increases of both systolic and diastolic blood pressure
were significantly correlated with pain tolerance. In the hy-
potensive group thisassociationwas limited todiastolic blood
pressure, and in the control group to systolic blood pressure.
Furthermore, significant negative correlations of systolic and
diastolic blood pressure with the VAS ratings of the affective
dimension of pain were found in the hypotensive group.
Figure 2. VAS ratings on the sensory and affective aspects
of pain in hypotensive and control subjects (bars represent






























Figure 3. Blood pressure increase during the cold pressor
test in hypotensive and control subjects (bars represent
standard errors).
Table 2. Correlations between blood pressure and measures
of pain sensitivity for the total sample with BMI











.26* .26* –.31** –.27*
Diastolic blood
pressure
.24* .22* –.32** –.25*
Table 3. Correlations between blood pressure increase during the cold pressor test and measures of pain sensitivity (*p <
.05, **p < .01)
Pain threshold Pain tolerance VAS sensory VAS affective
Total sample Increase in systolic blood pressure .09 .31** –.12 –.13
Increase in diastolic blood pressure .07 .25* .02 –.08
Hypotensives Increase in systolic blood pressure –.12 .26 –.19 –.46**
Increase in diastolic blood pressure –.03 .34* –.02 –.45**
Normotensive
controls
Increase in systolic blood pressure .18 .36* –.08 .04
Increase in diastolic blood pressure .14 .23 .02 .09
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Discussion
The present study demonstrated reduced pain threshold and
pain tolerance levels, as well as an increased subjective ex-
perience of pain in individuals with low blood pressure.
Moreover, an inverse linear association between blood pres-
sure and pain sensitivity was found. The degree of blood
pressure increase during the cold pressor test was positively
related to pain tolerance and, in the case of the hypotensive
group, inversely related to affective pain experience.
The current study extends knowledge concerning phys-
ical and mental aberrances related to low blood pressure.
In addition to the well-known subjective symptoms (for
review see Duschek & Schandry, 2006a, 2007), previous
research has revealed cognitive deficits in hypotension,
particularly in terms of reduced attentional and memory
performance (Stegagno et al., 1996; Duschek, Weisz, &
Schandry, 2003; Duschek et al., 2005). Psychophysiologi-
cal studies have also yielded deficits in brain electric pro-
cesses, as well as in the regulation of cerebral blood flow
(Costa, Stegagno, Schandry, & Bitti, 1998; Weisz, Schan-
dry, Jacobs, Mialet, & Duschek, 2002; Duschek et al.,
2006; Duschek & Schandry, 2004, 2006b, 2007). In a med-
ical context, hypotension has been identified as a major risk
factor in pregnancy (Harsanyi & Kiss, 1985; Ng & Walters,
1992; Warland & McCutcheon, 2002). Several studies fo-
cusing on the elderly population have yielded associations
between low blood pressure and the prevalence and inci-
dence of dementia (e.g., Ruitenberg et al., 2001; Morris et
al., 2002).
Several mechanisms must be considered as possibly un-
derlying hypotension-related hyperalgesia. Since emotion-
al state was controlled in our study, it is unlikely that the
increased pain sensitivity resulted from impaired mood in
hypotension. Furthermore, on account of the experimental
procedure it can be ruled out that higher sensitivity to cold
pain was an artifact of lower skin temperature.
Various physiological systems are assumed to be in-
volved in mediating the interaction between cardiovascular
activity and pain regulation. The arterial baroreceptor sys-
tem plays a crucial role (for review see Rau & Elbert,
2001). As sensors for blood pressure changes, the barore-
ceptors form part of a negative feedback loop compensat-
ing for phasic blood-pressure fluctuations (e.g., Dembow-
sky & Seller, 1995; Guyton & Hall, 2005). Various animal
and human studies have shown that baroreceptor stimula-
tion also attenuates pain sensitivity (Droste et al., 1994;
Kardos et al., 1994; Rau et al., 1994; Bossut & Maixner,
1996). This may be regarded as an adaptive homeostatic
process in which a pain-related blood pressure increase
leads to baroreceptor stimulation that in turn triggers pain
inhibition, thereby helping to normalize arousal level
(Bruehl & Chung, 2004). In the present study this mecha-
nism is reflected in inverse associations between the degree
of rise in blood pressure during the cold pressor test and
some of the measures of pain sensitivity.
The mechanism of pain attenuation through barorecep-
tor activation has also been proposed as an explanation of
the inverse relationship between tonic blood pressure and
pain sensitivity (e.g., Bruehl & Chung, 2004). Here, hyper-
tension-related hypoalgesia is seen to be a consequence of
permanently enhanced baroreceptor stimulation (France,
1999; Rau & Elbert, 2001). It has been pointed out that
higher firing rates of the receptors not only result from in-
creased resting blood pressure but also from enhanced
blood pressure amplitude and cardiac output, both of which
are typical for hypertension (Rau & Elbert, 2001). In the
case of low blood pressure, an inverse mechanism may be
assumed, whereby a lack of pain attenuation as a conse-
quence of persistently reduced baroreceptor stimulation
stands to reason.
Several neurochemical systems have also been dis-
cussed as being involved in the interaction between hemo-
dynamic conditions and nociception. Animal studies have
demonstrated that endogenous opioid activity is necessary
for a full expression of the inverse relationship between
blood pressure and pain sensitivity (Zamir, Simantow, &
Segal, 1980; Maixner et al., 1982). However, human stud-
ies prove somewhat controversial, suggesting that the
blood pressure-pain relationship can also occur in the ab-
sence of functionally active endogenous opioid systems
(McCubbin & Bruehl, 1994; Bruehl & Chung, 2004). The
central noradrenergic system is known to be of importance
in blood pressure regulation (e.g., Carlson, 2004), as well
as in descending pain inhibition (Millan, 2002). As neural
interfaces underlying both cardiovascular and pain regula-
tion, the nucleus of the solitary tract, the rostral ventrolat-
eral medulla, and the locus coeruleus have, for example,
been considered, all of which comprise noradrenergic path-
ways (Bruehl & Chung, 2004). The crucial role of catechol-
aminergic mechanisms is also underlined by studies dem-
onstrating that pharmacological blockade of adrenergic re-
ceptors reduces hypoalgesia resulting from baroreceptor
stimulation (Randich & Maixner, 1984; Ren, Randich, &
Gebhard, 1988).
One limitation of the present study may result from the
relationship between cold pain and peripheral perfusion be-
ing mediated by a dependence of the activity of vascular
nociceptors on blood flow (Fruhstorfer & Lindblom, 1983;
Klement & Arndt, 1991). Considering this, pain enhance-
ment as a consequence of reduced peripheral perfusion
could occur in hypotension. Thus, it cannot be ruled out
that, in addition to central nervous factors, peripheral
mechanisms contribute to the mediation of the observed
effect. The blood pressure groups also differed consider-
ably with respect to their BMI. Even though the BMI was
controlled for in the statistical analysis, a possible effect on
pain of hand composition (i.e., a lower content of fat tissue
in hypotension) cannot be completely ruled out. Further
limitations of the study arise from the relatively small sam-
ple size and the fact that only female subjects were used,
which might restrict the generalizability of the results.
Finally, possible clinical implications of the present
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findings should also be considered. The clinical signifi-
cance of the blood pressure-pain relationship is underlined
by an epidemiological study of Hagen et al. (2005). They
found a 10% to 60% lower prevalence of chronic muscu-
loskeletal complaints in individuals with hypertension, as
well as an inverse linear relationship between blood pres-
sure and occurrence of such symptoms. Elevated blood
pressure, furthermore, predicted reduced risk of headache
(Hagen et al., 2002). In a sample assessed for coronary
heart disease, chest pain experienced during exercise was
inversely related to blood pressure (Ditto, D’Antono, &
Dupuis, 2007). Also, postsurgical pain was found to corre-
late negatively with blood pressure (France & Katz, 1999).
On account of these studies and the current findings, one
may assume that individuals with low blood pressure are
more prone to clinical pain.
Empirical knowledge concerning the treatment of hypo-
tension remains sparse (Duschek & Schandry, 2006a, 2007).
Some pioneering studies have shown that subjective hypo-
tension-related symptoms can be reduced by pharmacologi-
cal blood pressure elevation (Bismarck & Rust, 1982; Schan-
dry, 1999). Cerebral blood flow and cognitive performance
may also be enhanced by these means (Duschek, Hadjamu,
& Shandry, 2007). However, the possibility of reducing pain
sensitivity and prevalence of clinical pain through blood pres-
sure elevation remains an open question.
In summing up, the present study yielded evidence that
low blood pressure is accompanied by increased sensitivity
to acute pain. Indeed, our results suggest that the inverse
relationship between blood pressure and pain sensitivity,
which has previously been documented for the normoten-
sive and hypertensive ranges, can now be generalized to
the complete blood pressure spectrum.
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